The presence of Enterococcus-associated vancomycin resistance genes vanA, vanB, vanD, vanE, and vanG in rectal swabs was investigated in two hospitals using PCR. All vanA genes detected were associated with vancomycin-resistant enterococci (VRE), whereas VRE-associated vanB genes were detected in only one hospital (4.7%). However, in both hospitals, high prevalences of vanB (6.2 and 2.3%), vanD (43.8 and 26.7%), and vanG (10.5 and 6.9%) genes not associated with enterococci were found.
Since their first appearance in 1988, vancomycin-resistant enterococci (VRE) have emerged worldwide and have become an increasing problem in clinical settings (5) . Acquired glycopeptide resistance in Enterococcus species is due to the acquisition of vanA, vanB, vanD, vanE, and vanG genes, resulting in the production of peptidoglycan precursors with reduced affinity for glycopeptide antibiotics (7) . The origin of these van genes is still unknown, but recent studies have indicated that vanB resistance in enterococci might arise from gene transfer from the human bowel flora (1) (2) (3) 6) . In this study, we investigated the presence of Enterococcus-associated vanA, vanB, vanD, vanE, and vanG genes in human rectal swabs.
Two rectal swabs each obtained from 162 patients at the Hôpital Général de Montréal (HGM) (Montréal, Québec, Canada) and one rectal swab each obtained from 86 patients at the Massachusetts General Hospital (MGH) (Boston, Mass.) were used to detect van-associated enterococci. One of the two swabs from each patient at HGM and each swab from MGH were suspended in 1 ml of buffer, and 50 l of this suspension was used for DNA extraction as previously described (4). Conventional PCR amplifications were performed with crude DNA extracts prepared from each rectal swab using primer pairs specific to vanA (forward, AATAGCGCGGACGAA TTGGAC; reverse, AACGCGGCACTGTTTCCCAA), vanB (forward, CTTAACGCTGCGATAGAAGC; reverse, CTG ATGGATGCGGAAGATAC), vanD (forward, TTTGTA AAGCCTGCCCGTTC; reverse, CCAAGTAYCCGGTAA ATCTTC), vanE (forward, AAATAATGCTCCATCAAT TTGCTGA; reverse, ATAGTCGAAAAAGCCATCCAC AAG), or vanG (forward, TTGGAGGCAATTCAACAG AGT; reverse, TCGCAGCCAACAACAGGTATT) genes. The PCR conditions were as previously described (4), except for the annealing temperatures, which varied from 58°C to 60°C depending on the van-specific primers used. Coamplification of a 250-bp fragment of plasmid M13pSL3 served as an internal control in all PCRs (4) . Strict precautions to prevent carryover of amplified DNA and appropriate control reactions were used (4). The detection limit for each primer pair was approximately 5 genome copies per PCR.
To recover van-associated enterococcal isolates from rectal swabs, a 300-l aliquot of the swab suspension was used to inoculate 10 ml of Enterococcosel broth (Becton Dickinson, Cockeysville, MD) containing 6 mg/liter vancomycin and 60 mg/liter aztreonam (EBVA), which was incubated aerobically for 24 h at 35°C. The other swab from each patient at HGM was placed directly into 10 ml of EBVA and incubated for 24 h at 35°C. An aliquot of each EBVA culture was plated onto both Enterococcosel agar containing 6 mg/liter vancomycin and blood agar plates that were incubated aerobically for 72 h at 35°C. Species identification and antibiotic (vancomycin and teicoplanin) susceptibility testing of all colonies resembling enterococci by phenotypic characteristics were performed using standard methods. Each enterococcal isolate recovered from a van-positive rectal swab was tested with PCR primers targeting the van gene(s) detected from that specimen.
PCR was positive for vanA for 23 out of 248 (9.3%) rectal swabs, which were all shown to contain vancomycin-resistant Enterococcus faecium (n ϭ 22) or Enterococcus faecalis (n ϭ 1) harboring vanA. PCR was positive for vanB for 16 out of 248 (6.5%) rectal swabs, 4 of which (1.6%) were shown to contain vancomycin-resistant E. faecium (n ϭ 2) or E. faecalis (n ϭ 2) harboring vanB, whereas 12 specimens (4.8%) did not contain any vanB-positive enterococci. Ninety-four out of 248 (37.9%) and 23 out of 248 (9.3%) specimens were positive for vanD and vanG, respectively, whereas no vanD-or vanG-positive enterococcal isolates were identified from these specimens ( Table 1) . No rectal swabs were PCR positive for vanE. Among the vanpositive specimens, several contained more than one van gene: 2 specimens contained both vanA and vanB, 4 contained both vanA and vanD, 4 contained both vanD and vanG, 5 contained both vanB and vanD, 2 contained both vanB and vanG, 13 contained both vanD and vanG, 1 contained vanB, vanD, and vanG, and 1 contained vanA, vanB, vanD, and vanG. There was no significant PCR inhibition by any of the rectal swabs tested, and all control reactions to which no target DNA was added confirmed the absence of DNA carryover.
We sequenced 13 vanD and 9 vanG PCR products from HGM as well as 15 vanD and 5 vanG PCR products from MGH. Sequence analysis of the vanD PCR products revealed that 1 was most similar (98% identity) to both vanD1 and vanD3 (GenBank accession numbers AF130997 and AF175293, respectively), 5 were most similar (98.7 to 100% identity) to vanD1, 4 were most similar (98.4 to 100% identity) to vanD3, and 18 were most similar (95.7 to 100% identity) to vanD4 (accession number AF277571). The 14 vanG PCR products exhibited variable identities ranging from 77.4 to 100% with the vanG gene of E. faecalis BM4518 (accession number AY271782).
We recently isolated and characterized a Clostridium species carrying vanB2 (3) from one of the vanB-positive rectal swabs from HGM described in the present report. This specimen was shown to contain both vanB2 and vanD1, but vanD1 was not carried by this Clostridium strain (data not shown). To isolate the bacteria harboring vanD and vanG, a 300-l aliquot of the swab suspension from 10 vanD-and 7 vanG-positive rectal swabs from HGM was incubated anaerobically for 24 h at 35°C in brain heart infusion broth supplemented with 0.001 mg/ml vitamin K and 0.005 mg/ml hemin (eBHIB) and then incubated aerobically for 24 h in brain heart infusion broth (BHIB). A PCR signal for vanD was detected, using vanD-specific primers, in one eBHIB culture that had been incubated anaerobically, whereas no PCR signal for vanG was detected in either aerobic or anaerobic broth cultures using vanG-specific primers. The PCR signal for vanD could be maintained following sequential passaging in eBHIB containing 32 mg/liter vancomycin, 50 mg/liter aztreonam, or 1 mg/liter colistin. The PCR signal became negative in eBHIB with 8 mg/liter metronidazole, suggesting that the vanD gene was carried by an anaerobe. The eBHIB culture was subcultured onto eBHI agar containing 32 mg/liter vancomycin (eBHIA) and incubated anaerobically for 3 days. Of the several colony types that grew, only one was PCR positive for vanD. Gram staining of this colony showed the presence of both gram-positive and gram-negative cocci and bacilli with different shapes. This vanD-positive colony was subcultured onto eBHIA and blood agar, but it was not possible to isolate a pure vanDpositive bacterium. This suggests that the growth of this vanD-positive bacterium depends on a bacterial consortium.
Work is in progress to identify the factor(s) required for growth and isolation of the vanD-and vanG-containing bacteria in rectal swabs.
This study reports a high prevalence of vanB-, vanD-, and vanG-like genes not associated with enterococci in human rectal swabs. An anaerobic bacterial reservoir for vanB genes in the human bowel was previously described in Australia and Québec (1) (2) (3) 6) . Recent studies showed that the genetic elements carrying vanB in these anaerobes were similar to those found in enterococci (2, 3). The vanD and vanG genes have so far been found in a few clinical isolates of E. faecium and E. faecalis, respectively, and recently a new allele of vanG was described in an E. faecalis strain isolated in Canada (D. A. Boyd, S. Tyler, B. Watson, F. Jamieson, S. Brown, and M. R. Mulvey, Abstr. 44th Intersci. Conf. Antimicrob. Agents Chemother., abstr. C1-948, 2004). The presence of anaerobic bacteria containing vanB and probably vanD and vanG-like genes suggests that the intestinal flora represents an important reservoir of several glycopeptide resistance genes. The recent emergence of clinical Staphylococcus aureus isolates containing vanA emphasizes the transfer potential of the van glycopeptide resistance genes in pathogenic species. Hospital infection control of VRE is presently based on the isolation of VRE carriers. The presence of human reservoirs, most likely anaerobic bacteria, carrying multiple vancomycin resistance genes may seriously threaten the control of VRE dissemination. 
